Over the last two decades the public sector has emerged as a crucial factor in India's economic growth. In terms of expansion, the private sector has lagged behind the public sector with the result that the share of the latter sector in significant macro-economic aggregates such as gross domestic product, gross capital formation, and employment in the organized sector has been on the ascent. Furthermore, from the rate at which these aggregates have been rising it is clear that an increasing amount of scarce national resources will continue to flow to the fast expanding public sector in the years to come. At this stage, it is worthwhile asking searching questions about the productivity and efficiency of factors of production employed in the public sector enterprises to obtain an idea about productivity changes in the public sector enterprises vis-a-vis those observed for the economy.
A detailed study of the growth of total factor productivity in the public sector enterprises is both necessary and rewarding because it indicates broadly the trends in the overall economic efficiency and the extent of tehcnical change. The need for such a study is perhaps more urgent now than ever before in view of the growing criticism of the management of the public sector enterprises mainly on account of low profitability as borne out by several studies. Basically, the *The author is grateful to Ravindra H. Dholakia for his valuable suggestions and comments on an earlier draft of this paper.
rationale of the approach adopted by the present study lies in the contention that the index of total factor productivity is a major alternative indicator of the efficiency of economic units over time, the net profitability being the other main indicator. The index of total factor productivity, also referred to as the index of output per unit of total factor input, is derived as a ratio of the index of net output (i.e., total value added at constant prices) to the index of total factor input. The former indicates the actual growth of net output while the latter indicates the extent of growth that would have occurred had the overall productivity or the efficiency of all factors of production remained constant during the period under consideration. Hence, if we find that the index of total factor input for, say, the terminal year of the period under consideration is less than the index of net output, it implies that the observed growth of output exceeds the amount of growth that would have resulted under conditions of unchanging efficiency of factor inputs and indicates that the overall efficiency of all factor inputs taken together has increased during the period. The index of total factor productivity helps in measuring in precise quantitative terms the extent of increase in the overall efficiency (or productivity) of factor inputs.
While the net profitability criterion has been widely used in most discussions on the efficiency of public enterprises, little attention seems to have been paid to the index of total factor productivity which is obviously a more comprehensive index of economic efficiency. One can always argue, for instance, that the total benefit to the economy as a whole accruing from any production process should be measured in terms of the sum of four types of related incomes generated out of it, viz., rent, wages and salaries, interest, and profit. The conventional net profitability criterion usually focuses attention only on profit, ignoring the larger gains to the society as a whole. In otherwords, it can be argued that. from a wider perspective, the performance of an enterprise should be judged not by what the enterprise earns in the form of net profits but rather by the total addition it makes to the flow of goods and services in the economy as a whole and the changing efficiency with which it utilizes the scarce productive resources over a period of time.
It would be interesting to see whether the public sector enterprises pass satisfactorily the efficiency test on productivity criterion at least in terms of the observed rate of productivity change and contribution to the growth of real product over time. We have, therefore, estimated the contributions made by various sources to the estimated growth rate of real net product originating in the public sector enterprises by constructing the required time series of labour and capital inputs and deriving therefrom the indexes of total factor input and output per unit of total factor input for the period 1960-61 to 1972-73.
The broad methodology adopted for analysing the major sources of growth of the public sector enterprises is based primarily on the well-known factor share approach which has been widely used in economic literature, especially on the quantitative analysis of economic growth (Dholakia, 1974; Denison, 1967) . This method, which follows directly from the marginal productivity analysis, provides a fairly satisfactory set of estimates of contributions made by various factors to the measured growth rate if the average earnings of various factors of production are proportional to the value of their respective marginal products. In particular, under the special case of a constant return competitive equilibrium, this method simply reduces to the direct use of the well-known neo-classical distribution postulate which equates the relative share of a factor to the elasticity of output with respect to that factor at the point of equilibrium (Dholakia, p. 7).
The term public sector, as it is generally defined, includes administrative departments, departmental enterprises, and non-departmental enterprises. Of these, administrative departments consist largely of those which provide direct government services in the form of public administration, defence, and other services. Departmental enterprises are those which are owned and managed directly by the government and whose accounts form part of the respective ministries. The term includes railways, communication, forests, operation of irrigation systems, road transport, electricity, manufacturing establishments, port trusts, printing presses, etc, whereas non-departmental enterprises are all government owned public and private limited companies and statutory corporations. Departmental and non-departmental enterprises taken together are referred to as the public sector enterprises. The present analysis excludes administrative departments.
The major source of data on output from the public sector enterprises is National Accounts Statistics (CSO, 1975) . It provides detailed information on the net domestic product from the public sector enterprises by industry of origin for the period 1960-61 to 1972-73. However, these estimates are given only at current prices. We have, therefore, derived the corresponding estimates at constant 1960-61 prices by applying the appropriate implicit national income price deflators obtained from the estimates of net domestic product at current and constant 1960-61 prices for each of the fourteen different sectors distinguished in the national income accounts. The estimates of real net product originating in the public sector enterprises, so derived, are presented in Table 1 , while the estimates of factor shares in the corresponding net product at current prices are presented in Table 2 . It can be seen from Table 1 that the net domestic product originating in the public sector enterprises has increased at a very rapid rate during the period 1960-61 to 1972-73:77 per cent for departmental enterprises, as high as 476 per cent for non-departmental enterprises, and 173 percent for both taken together. This implies that, during the period under consideration, the average rate of growth of net product originating in the public sector enterprises was as high as 8.73 per cent per annum, which is more than two and a half times the corresponding growth rate of India's national income, viz., 3.14 per cent per annum. As a direct consequence of this disparity in the growth rates of the net product from the public sector enterprises and the net domestic product (both at 1960-61 prices), the share of the former in the latter has increased sharply from 5.1 per cent in 1960-61 to 8.5 per cent in 1972-73. Rapid growth of net income, however, seems to have been quite neutral to the distribution of total income originating in the public sector enterprises between labour and capital (including other factors). This is evident from Table 2 . We thus find that the relative shares of labour and capital have on an average remained fairly stable during the period as a whole, the average value of, say, the labour share being 61.8 per cent for the first half of the period, 62.4 per cent for the second half of the period, and 62.1 per cent for the entire period.
Ill
Having examined the time series of net product and factor shares, the next series that we have to derive for the present analysis is the time series of real capital stock in the public sector enterprises. Since no such series is readily a v a i l a b l e , w e h a v e d e r i v e d i t b y u s i n g the perpetual inventory method (Goldsmith, 1951 ; Barna, 1959; Dholakia, 1974) . The variant of this method that we have used here consists in obtaining a benchmark estimate of net capital stock at base period prices and carrying it forward (or backward) with the help of the estimated capital formation, adjusted for depreciation valued Vol. 2, No. 2, April 1977 at the same base period prices.
The most comprehensive source of information for obtaining benchmark estimates of the net capital stock in the public sector enterprises is the RBI's estimate of net reproducible capital stock at current prices by industry of use for 1960-61. 2. The RBI study gives the estimate of net capital stock in the public sector as a whole for the benchmark year 1960-61, valued at current prices. By deducting the corresponding capital stock in government admin istration and roads and bridges from this figure, we have derived the estimate of net capital stock in the public sector enterprises. This total (Rs. 5825 crore) is then decomposed into the estimated net capital stock in the departmental enterprises (Rs. 1303 crore) by preparing detailed industry-wise estimates of net capital stock for both types of enterprises. Since direct estimates could not be obtained separately for departmental and non-departmental enterprises in respect of three industrial categories, viz., manu facturing, electricity, and transport by other means, we have distributed the total estimated capital stock in the public sector enterprises for each of these three categories between the two types of enterprises in proportion to the corresponding net income originating therefrom. The separate estimates for each of the various industrial categories are then aggregated to arrive at the respective totals for departmental and non-departmental enterprises.
capital stock in the public sector enterprises by using the identity
where K t and /Q-iare the net stocks of capital at 1960-61 prices in the period t and t-1 respectively, GCF t is the estimated gross capital formation at 1960-61 prices during the period t, and D, is the estimated depreciation allowance at 1960-61 prices during the period t. The derived estimates . are presented in Table 3 . A close study of this table reveals that the real stock of capital has grown at a phenomenal rate especially in the case of non-departmental enterprises. The average rate of growth of the total capital stock in the public sector enterprises during the period 1960-61 to 1972-73 turns out to be as high as 10 per cent per annum. There is a significant divergence, however, between the average growth rate of real capital stock in departmental and nondepartmental enterprises, the former being 7.1 per cent per annum while the latter being as high as 16.2 per cent per annum. As a direct consequence of the disparity in growth rates of real capital stock, the share of non-departmental enterprises in the total capital stock of the public sector enterprises has increased sharply from 22 per cent in 1960-61 to 43 per cent in 1972-73.
IV
To complete the picture, we require the time series of employment in the public sector enterprises. The information on employment in the public sector as a whole is readily available from various publications of the Labour Bureau. By adjusting these figures for the employment in government administrative departments, we have obtained the time series of employment in the public sector enterprises. In addition to this, we have also worked out the series of average annual wage rate in the public enterprises implicit in the estimates of total employee compensation (given in Table 2 ) and total employment in the public sector enterprises by computing the ratio of the former to the latter. Both these series, along with their respective indexes, are presented in Table 4 . It can be seen from Table 4 that the public sector enterprises have generated considerable additional employment during the period under consideration, the number of workers employed in the public sector undertakings having increased by about 76 per cent over the twelveyear period. Furthermore, the implicit average annual earnings per worker at current prices also show a remarkable increase, having increased three fold in just twelve years. If we deflate the money value of average earnings for 1972-73 by the corresponding wholesale price index, we get a figure of Rs. 1769 at 1960-61 prices, which indicates an increase of 36 per cent in real earnings per worker when compared to the figure of Rs. 1303 for 1960-61. Thus, both employment and real earnings per worker employed have, on the whole, significantly increased in the public sector enterprises during the period under consideration.
The estimates given in Tables 1,3 , and 4 reveal that there exists considerable disparity among the observed rates of growth of output, employment, and real capital stock in the public enterprises. The average growth rate observed during the period 1960-61 to 1972-73 turns out to be 8.73 per cent per annum for output, 4.82 per cent per annum for employment, and 9.97 per cent per annum for net stock of real capital. These figures indicate, among other things, that some of the important ratios such as labour productivity, capital intensity, and capital-output seem to have registered an upward trend. How steady and smooth have been the trends in each of these ratios can, however, be determined only after examining the complete time series of each of these ratios. These are given (all at constant 1960-61 prices) in Table 5 . It is evident that the time series of labour productivity and capital intensity show a fairly smooth and continuous upward trend, the observed annual changes being positive in almost every year in both series. Moreover, the overall upward trend seems to be more pronounced in the case of capital intensity compared to labour productivity, the average growth rate for the former being 4.92 per cent per annum against 3.73 per cent per annum for the latter during the period as a whole.
It is the time series of capital-output ratio, however, which reveals a more interesting pattern of behaviour. An overall view of the period reveals that the capital-output ratio has shown an upward trend. But a closer look at the series reveals two clearly separable sub-periods which show exactly opposite tendencies in the ratio. We thus find that during the first part of the period, i.e., 1960-61 to 1967-68, the capital-output ratio shows a fairly continuous and rapidly rising trend, its value rising from 8.48 to 10.65. During the remaining part of the period, i.e., 1967-68 to 1972-73, the ratio has shown a fairly clear and marked tendency to decline (from 10.65 to 9.72). Besides the unambiguous and distinctly noticeable reversal of trend during 1967-68, the other point, which is perhaps equally noteworthy, is the remarkable continuity and smoothness of the upward trend before, and the downward trend after, the point of reversal.
The main reason behind this pattern of behaviour of capital-output ratio lies in the divergence between the temporal pattern of growth of labour productivity on the one hand, and of capital intensity on the other. While the growth of labour productivity seems to have been fairly uniform and evenly spread over the entire period, the growth of capital intensity reveals a highly uneven distribution over time with almost 85 per cent of the total growth having occurred during the first part of the period. This is reflected in the patterns of average growth rates which reveal that while the growth rate of labour productivity remained more or less constant being 3.7 per cent during the first part (1960-61 to 1967-68 ) and 3.8 per cent per annum during the second part (1967-68 to 1972-73) , the growth rate of capital intensity declined steeply from 7.1 per cent per annum during the first part to 1.9 per cent per annum during the second part of the period. The sharp decline in the growth rate of capital intensity in a period of fairly steady growth of labour productivity, therefore, appears to have been instrumental in bringing about a reversal in the upward trend in capital-output ratio in the first part of the period.
A number of factors can be considered as possible explanations of the observed decline in the growth rate of capital intensity and, without these factors, the observed stability of the growth rate of labour productivity in the public sector enterprises. The foremost among these would be the considerable decline in the absolute level of real capital formation in the public sector enterprises during the period 1968-69 to 1970-71 compared to the preceding triennium 1965-66 to 1967-68. A rapidly growing capital stock requires a progressively increasing level of real capital formation. Obviously, a declining level of real capital formation would immediately lead to a considerable deceleration in the growth of real capital stock. The observed decline in the level of real capital formation in the public sector enterprises can, to some extent, be attributed to the adverse investment climate following the industrial recession. This contention is very well supported by the sharply declining level of real capital formation (at 1969-61 prices) in non-departmental manufacturing enterprises from about Rs. 800 crore during the triennium 1965-66 -1967-68 to about Rs. 500 crore during the following triennium 1968-69-1970-71 . Although the level of real net capital formation shows a rising trend in subsequent years, it has still not risen significantly above the peak levels reached before 1968-69.
The above explanation, however, represents only one side of the story. The other, and perhaps more interesting, side of the story is that notwithstanding the significant deceleration in the growth of capital per worker, the output per worker kept increasing at a fairly rapid rate during the period following 1967-68. We have found earlier that during the period 1967-68 to 1972-73, the average productivity of labour has been rising while the capital-output ratio has been declining. Putting this in a slightly different way, we may say that the average productivities of both labour and capital have been rising simultaneously since 1967-68. A simultaneous increase in labour productivity and capital productivity is, by any criterion, a fairly clear indicator of the phenomenon of "technical progress" defined loosely to include all possible effects which raise the overall sector economic efficiency of the entire production process. We may, therefore, conclude that significant technical progress seems to have occurred during the process of growth of the public sector enterprises, especially during the period 1967-68 to 1972-73, leading to a considerable improvement in the overall economic efficiency of all public sector enterprises. This broad contention, however, needs to be supported by precise, quantitative measures of the rate of improvement in the overall economic efficiency of the public sector enterprises during the period under consideration.
Quantitative assessment of the extent of increase in overall efficiency can be made by constructing the indexes of total factor input and output per unit of total factor input, and by estimating the contributions made by each of the major factors to the observed growth rate of output. This is done step by step in Tables 6  to 8. Table 6 presents the indexes of output and factor inputs, and also the indexes of total factor input and output per unit of total factor input 3 while Table 7 shows the estimated average annual growth rates of output factor inputs, and total factor productivity in the public sector enterprises. Finally, in Table 8 , we have presented our estimates of the contributions made by major sources to the growth rate of the public sector enterprises in India. The methodology of deriving the contributions and indexes has been described by Dholakia (1974) .
The estimates presented in these tables strongly support the contention that the overall economic efficiency of the public sector enterprises has increased at a significant rate in recent years. Thus, according to our estimates, the total factor productivity increased by 22.4 per cent during the period 1960-61, to 1972-73, indicating a highly significant rate of growth of 1.7 per cent per annum. While this figure in itself appears to be fairly high for the annual growth rate of overall efficiency, it is noteworthy that such a remarkable increase in total factor productivity occurred during the period of rapid expansion 3. The index of total factor input is derived as a weighted average of the index of labour input and the index of capital input, the weights being the respective relative factor shares of labour and capital. In the derivation of the index of total factor input, the weights have, however, been changed at the end of each period of five years. Thus the procedure actually followed is to change the weights each five years with each of the input index taken as 100 each fifth year, and then link the resulting quinquennial series together to arrive at the continuous series of the index of total factor input. This procedure is adopted to eliminate as far as possible the effect of short-term cyclical fluctuations in income shares on the weights to be used and at the same time confine the restrictive assumptions of the factor share approach only to the range of factor proportions derived during each time period. The index of output per unit of total factor input is derived simply by dividing the index of output by the index of total factor input.
of factor inputs in the public sector enterprises. The estimates given in Table 7 show that capital input increased at an average rate of 10 per cent per annum during the period under consideration, the corresponding figure for labour input being 4.8 per cent per annum. Consequently, the average rate of growth of total factor input during the twelve-year period was as high as 6.9 per cent per annum. These estimates imply that capital growth accounted for about 45 per cent of the estimated rate of growth of net product originating in the public sector enterprises, growth of labour accounted for 35 per cent, the remaining 20 per cent being the contribution of the growth of total factor productivity. It is interesting to examine the temporal pattern of growth of factor inputs and total factor productivity. The results for the two sub-periods, i.e., 1960-61 to 1967-68 and 1967-68 to 1972-73 , are given in Tables 7 and 8. 4 Table 7 reveals that the growth rate of capital declined sharply from 12.05 per cent during the period 1960-61-1967-68 to 7.13 per cent during the period 1967-68-1972-73 , while the corresponding growth rate of labour increased from 4.64 per cent to 5.06 percent. However, since the decline in the growth rate of capital was quite substantial in relation to the small increase in the growth rate of labour, the average rate of growth of total factor input declined from 7.61 per cent to 5.94 per cent over the two sub-periods. The direct effect of this kind of temporal pattern of behaviour of factor inputs would be that, if the growth rate of total factor productivity remains unchanged, the growth rate of net product would decline over the two subperiods. However, the growth rate of net product in fact shows an increase from 8.46 per cent to 9.10 per cent on account of a sharp increase 4. The year 1967-68 has been selected for breaking the period into two sub-periods, because, as a l r e a d y n o t e d , t h i s ye a r m a r k s t h e t u r n i n g point in the behaviour of capital-output ratio.
in the growth rate of total factor productivity from 0.79 per cent to 2.98 per cent over the two sub-periods. Thus, it seems that the observed increase in the growth rate of net product originating in the public enterprises is due almost exclusively to the significant increase in the growth rate of total factor productivity in the public sector enterprises recorded during the period 1967-68 to 1972-73 compared to the earlier period 1960-61 to 1967-68. The trends in the growth rates of factor input and output noted above have interesting implications for the analysis of the contributions made by various sources to the growth rate of net product originating in the public sector enterprises. We find that the relative importance of two major sources of growth, viz, capital and total factor productivity, has undergone a considerable change between the two sub-periods. The relative contribution of capital to the growth rate of net product has declined steeply from 55.6 per cent to 30.6 per cent while relative contribution of the growth of tola I factor productivity has increased sharply from 9.4 per cent to 33.4 per cent over the two sub-periods.
It is indeed remarkable that the contribution made by the increase in total factor productivity to the growth rate of net product from the public sector enterprises, measured in absolute terms, increased from 0.79 per cent recorded f o r t h e f i r s t s u b -p e r i o d t o a s h i g h a s about 2.98 per cent recorded for the second subperiod. Among the variety of factors which might have been at work in bringing about such a remarkable increase, special mention may be made of two broad categories of factors. The first category of factors would obviously include improvement in the capacity utilization rates in the case of enterprises already in operation and reduction in the lag between investment and flow of output achieved through a faster completion of projects under progress. In addition to these, the other factors, which are likely to have been instrumental in improving productivity and also in reducing the capital output ratio, especially after 1967-68 are, "a much more prudent use of working capital, a monitoring of the cash flows and a tight control over inventories" in recent years (Fernandez, 1975) .
The second major category of factors would include improvement in the quality of factor inputs and technical progress on a relatively greater scale during the more recent years compared to the earlier years. While it has to be admitted that the measured growth rate of total factor productivity is a sort of "catch-all" inasmuch as it includes the effects of a variety of factors, a high value of the rate of growth of total factor productivity of the order of about 3 per cent per annum is by any criterion a clear indicator of the technical progress made in production process. It seems that the rapid growth of overall efficiency of the public sector enterprises recorded in recent years is due partly to the improvement in capacity utilization rate and partly to the phenomenon of significant technical progress.
VI
Having derived the estimates of the contributions made by various sources to the growth rate of net product originating in the public sector enterprises, we may now broadly compare them with the corresponding estimates for the Indian economy as a whole made available by Dholakia (1974) . It may be noted at the very outset that the latter are more detailed and comprehensive while our estimates presented above are essentially tentative in nature. However, it is possible to make some adjustments in the available estimates for the economy as a whole to make them broadly comparable to our estimates. Accordingly, the estimated long-term rate of growth of total factor productivity, defined as the residual factor including the effect of all factors other than the growth of working force and capital, turns out to be about 1.3 per cent per annum for the economy as a whole during the post-indepen-dence period (Dholakia, 1974) , while the corresponding estimate for the public sector enterprises works out to be 1.7 per cent per annum. 5 While the difference between two figures does not appear to be substantial in absolute terms, it cannot perhaps be regarded as insignificant when considered in relative terms. However, in view of the error margin that may be attached to our estimates and also of some degree of inherent non-comparability of the two estimates, we would not like to draw any definite conclusion from the above comparison. Nevertheless, it is quite satisfying to note that the 5. The long-term rate of growth of total factor productivity is estimated in the case of the economy as a whole for the period 1954-55 to 1968-69, while in the case of public enterprises it is estimated over the period 1960-61 to 1972-73 long-term rate of growth of the overall efficiency with which the scarce resources are being used in the public sector enterprises does not appear to be lower than the corresponding national average; it is, in fact, all the more encouraging to find that the former has shown an upward trend in recent years.
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